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INTRODUCTION 
In petrol engines, solid particle phases are formed as a result of incomplete combustion. 
In emissions from combustion processes such as petrol, natural gas or diesel, 
concentration of particles smaller than 1 µm could be several orders of magnitude higher 
than those which are larger than 1 µm. Due to their physical properties, submicrometer 
particles have a high probability of deposition in the deeper parts of the respiratory tract. 
It is known that petrol particles are mutagenic and carriers of hydrocarbons (and other 
compounds) adsorbed on the particulate and as a result represent a serious health hazard 
if inhaled. The present paper reports on some measurements of particle size distribution 
and composition of the bulk aerosol, as well as on morphological and elemental 
information from individual particles. The study was performed on non-diluted petrol 
exhaust obtained under different engine operation conditions.  
 
METHOD 
The measurements were performed for each of a set of operating modes defined by 
engine power and road speed. The five-mode steady state cycle was adopted and 
modified from the US EPA Final ASM Test Procedure Documentation. A motor vehicle 
emission attachment to vehicle exhaust sampling port, designed and described earlier 
(Ristovski, et al. 1998) was used for these measurements. The real-time measurements of 
size distributions of the particles as well as concentration were determined using the TSI 
Model 3932 Scanning Mobility Particle Sizer (SMPS).  
The bulk chemical analysis was performed using Inductively Coupled Plasma Mass 
spectrometer (ICPM). The samples for the ICPM analysis were collected on Nuclepore 
filters for each mode. To be able to correlate samples collected on filters with 
measurements from the SMPS a PM1 sampling head was mounted before the filters. The 
PM1 sampling head has the purpose to cut of particles larger than 1μm, so only particles 
in the submicrometer region would be 
collected on the filter. Scanning 
Transmission Electron Microscope 
(STEM) techniques were used to 
study both morphology and chemical 
composition of the individual petrol 
particles. The element analysis of the 
individual particles was performed by 
energy dispersive X-ray fluorescence 
(SEM/EDS) technique. The samples 
for the individual particle analysis 
(IPA) were collected on the gold-
coated nickel or copper grids using an 
electrostatic precipitator (designed at Figure 1 
Environmental Aerosol Laboratory, QUT, for the purposes of microanalytical and 
surface analysis of the individual environmental particles). The same PM1 sampling head 
was utilised before the precipitator as was in case of aerosol sampling for the bulk 
chemical analysis. 
 
RESULTS AND DISCUSSION 
Results of measurements of particle number concentration for different engine load 
conditions (speed of the vehicle) are given in Fig.1. ICPM results on chemical 
composition of petrol particles versus load (speed) are shown in Fig.2. To investigate the 
source of metals in vehicle 
exhaust a sample of the 
engine oil was analysed for 
elemental composition. A 
very similar elemental 
composition, as in the exhaust 
was observed, with Ca, Fe 
and Zn as the most abandon 
elements. This indicates that 
the origins of these emissions 
are from the burned and 
unburned fractions of the 
lubricating oil.  
The morphological 
investigation has demonstrated that petrol particles typically occur individually or 
occasionally in aggregates composed of individual primary particles. The individual 
particles appeared to be spherical. Clusters, made of carbon spherical particles of 20nm 
diameter, were observed in emissions for speeds up to 60km/h. For higher speeds and 
significantly higher number emissions formation of clusters was not observed.  
The elemental composition of the individual particles was qualitatively determined by 
analysing the X-ray spectrum of electron-bombarded particles with EDS. 
Photomicrographs of interesting particles and electron diffraction pattens were taken. 
The results of STEM analysis have been found to be consistent with the results obtained 
with the ICPMS. Iron particles were observed in very small size bellow 20nm. Calcium 
and Zinc, as the most abounded elements besides Fe, were observed in larger size around 
100nm. It is interesting to note that particles of pure Zn were rarely observed. Zn was 
usually in larger particles in a mixture with other elements.  
 
CONCLUSIONS 
The bulk aerosol chemistry study has been performed. The concentrations of the 
following trace elements were measured: Boron, Calcium, Titanium, Chromium, 
Manganese, Iron, Cobalt, Nickel, Copper, Zinc, Cadmium, Barium, and Lead. The petrol 
particles have been found to be spherical. The most abandon elements were Fe, Ca, and 
Zn that have their origin from the additives in lubricating oil. It is interesting to note that 
although particle concentrations increased for 3 orders of magnitude from 40 to 120 
km/h, emissions of metals did not significantly increase. This would indicate that most of 
the particle emission at higher loads comes from the unburned fuel and consists mainly 
of carbon either in elemental or organic form. 
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